INTRODUCTION
Patients with aneurysmal subarachnoid haemorrhage (SAH) with a seemingly good clinical outcome often present with fatigue and experience high levels of psychosocial stress. 1 These symptoms may interfere with daily activities and social participation, reducing quality of life in relatively young patients with SAH. 2 3 They resemble the symptoms reported by patients with anterior pituitary dysfunction (PD). 4 PD has been reported in 0 to 55% of SAH survivors. [5] [6] [7] [8] [9] The most consistent finding is a high proportion of patients with growth hormone deficiency (GHD). [9] [10] [11] However, reported incidences vary between studies and the course of PD after SAH is not well known. PD was found to be transient, 12 but seemed long-lasting in other studies. 13 Increased age, hydrocephalus and vasospasm have been identified as possible predictors for PD after SAH, 7 9 however, others could not confirm this. 6 13 The conflicting results may be explained by differences in methodology and study population as well as time since onset of SAH. 5 7 To evaluate the growth hormone (GH) and adrenocorticotropic releasing hormone (ACTH), most of the studies conducted dynamic tests, 9 11 but some did not. 6 7 In some studies, patients were selected on the basis of symptoms of fatigue 14 or on location of the aneurysm. 15 In the Hypopituitarism In Patients with Subarachnoid haemorrhage (HIPS) study. We prospectively assessed the frequency and course of PD over time, using standardised laboratory tests to evaluate neuroendocrine function in a Dutch cohort of aneurysmal SAH survivors. In addition, we searched for clinical risk factors for hypopituitarism after SAH.
METHODS

Study design
The HIPS study was a prospective single-centre observational cohort study. It was registered and approved by the IRB at Erasmus MC University Medical Center, and registered in the Dutch trial registry (NTR 2085). All patients gave written informed consent. The inclusion and exclusion of participants are described in detail elsewhere. 16 In short, consecutive patients who survived the acute phase of SAH were asked to participate.
DATA COLLECTION
We prospectively collected baseline characteristics on all patients, including age, medical history, medication use and cardiovascular risk factors. At admission we noted the following neurological parameters: World Federation of Neurological Surgeons (WFNS) grading scale for patients with SAH, Glasgow Coma Scale (GCS), radiological severity of SAH, 17 aneurysm location and type of intervention.
We recorded SAH-related complications consisting of hydrocephalus (HC), rebleeding, vasospasm, delayed cerebral ischaemia (DCI), intracerebral haematoma (ICH), hypertension (HT) and hyponatraemia. Patients with symptomatic HC were all treated either by external ventricular drainage or external lumbar drainage prior to endocrine evaluation.
CLINICAL DEFINITIONS AND OUTCOME MEASURES
SAH diagnosis was confirmed by CT of the brain and in cases with negative CT, by lumbar puncture. Presence and location of the aneurysm was determined by CT angiography and/or a digital subtraction angiography.
The methods of endocrine testing and definitions of PD have been described in detail elsewhere. 16 In short, at baseline and 6 month after SAH endocrine tests were performed and reviewed by an endocrinologist. Endocrine tests included ghrelin test at baseline and GHRH-arginine test 6 months after SAH, in fasting patients. Fourteen months after SAH, all patients were scheduled for basal hormonal testing. In addition, patients with GHD were scheduled for GHRH-arginine test. All basal serum samples were taken during fasting before 9:00.
ACTH insufficiency was considered if basal cortisol level was <110 nmol/L or if cortisol peak during ghrelin test was <450 nmol/L. 18 Criteria for thyroid stimulating hormone (TSH) deficiency were low serum fT4 level (<11 pmol/L) combined with an inadequate TSH levels. Gonadotropin insufficiency was defined when testosterone was ≤10 nmol/L or by inadequate LH levels. In postmenopausal women, LH was regarded as derogatory when below 15 U/L and/or when follicle-stimulating hormone (FSH) was below 35 U/L. In younger women dependent on the stage of cycle and LH, and FSH and E2, gonadal status was assessed. In case oral contraceptives were used, gonadal function could not be assessed. We defined anterior PD as when any of the pituitary axis was considered abnormal.
Health-related quality of life (HRQOL) was assessed using question on life satisfaction modules (QLS M -H), a questionnaire that has been developed to evaluate HRQOL in patients with hypopituitarism, among whom are patients with adult GHD. 19 
STATISTICAL ANALYSIS
Descriptive statistics were used to describe the prevalence of hypopituitarism after SAH. Cardiovascular risk factors prior to SAH, severity of SAH (WFNS, GCS), the presence of hydrocephalus, hypertension, delayed cerebral ischaemia and rebleed were considered as predictors for PD. Independent sample t tests were used for continuous variables and Pearson's χ 2 test for categorical variables. Associations of risk factors with PD were expressed as ORs with 95% CI. Those with a significance level of p<0.05 were entered in a multiple logistic regression model using forward selection to determine the independent predictive value of the parameters. We adjusted for potential confounders such as age and sex. All statistical analyses were performed with SPSS V.20.0 (SPSS Inc, Chicago, Illinois, USA).
RESULTS
Of the 198 patients with SAH who were admitted to the ICU, 48 (24%) died, 38 (19%) refused to participate, 20 (10%) were discharged to other hospitals before inclusion and 8 were excluded for various other reasons. In total, 84 patients were included in the study (figure 1). There were no significant differences in age (p=0.18), sex (p=0.24), GCS on admission ( p=0.81) and duration of hospital stay ( p=0.53) between the included and excluded patients who survived the acute phase.
The baseline and clinical characteristics are shown in tables 1 and 2. Twenty-eight men (33%) and 56 (67%) women were included. Mean age was 55.7 (±11.9) years. All 84 patients were tested for PD at baseline, 72 (86%) at 6 months and 68 (81%) patients 14 months after SAH. Fifty-nine patients (71%) also had a ghrelin test at baseline and 54 (65%) patients a GHRH-arginine test 6 months after SAH. For the first 10 patients, ghrelin was not available due to logistic problems. Fifteen patients refused dynamic testing.
During follow-up, five patients died of cardiovascular disease consisting of myocardial infarction and cardiac dysrhythmia. In addition, cerebral infarction occurred in 3 (4%) and myocardial infarction occurred in two patients (2%). None of these patients had PD prior to the cardiovascular event. One of the patients with GHD developed prostate carcinoma.
Frequency and course of hypopituitarism
Mean time to baseline evaluation was 32 days. Twenty-nine (34%) patients had gonadotropin insufficiency, 26 (31%) possible GHD, 1 (1%) TSH deficiency and 1 (1%) ACTH insufficiency. All female patients (n=19) with gonadotropin deficiency were postmenopausal (mean age 58±10 years). Thirty-seven (44%) patients were deficient on one or more of the endocrine axes at initial evaluation. In 26 (32%) patients only a single axis was deficient and in 11 (13%) two axes were deficient. GHD combined with gonadotropin deficiency was present in all but one patient who had combined TSH and gonadotropin deficiency.
The frequency and number of affected axes are depicted in table 3. Twenty-two (26.2%) patients had PD 6 months after SAH, which consisted of gonadotropin insufficiency (20%), GHD (9.5%) and TSH deficiency (1.2%). All female patients with gonadotropin deficiency were postmenopausal. Four patients had two axes affected consisting of GHD and gonadotropin deficiency in all cases.
Of the 8 patients with GHD at 6 months, two refused retesting at 14 months. In one patient, GH function had recovered, testing negative for GHRH-arginine test. PD was present in 6 (7.2%) patients. Five male patients (84%) had GHD of whom 3 (60%) also had gonadotropin deficiency. One postmenopausal female patient had isolated gonadotropin deficiency. In all other patients, pituitary functions were normal. Table 4 shows the clinical and radiological characteristics of the SAH patients in relation to the presence or absence of endocrine dysfunction at baseline and after 6 months' follow-up.
Clinical determinants for PD
In univariable analysis, hydrocephalus (OR 3.3, 95% CI 1.2 to 8.9), GCS <13 on admission (OR 2.79, 95% CI 1.0 to 8.9), WFNS >2 on admission (OR 2.9, 95% CI 1.1 to 8.3) and hypertension after SAH (OR3.2, 95% CI 1.2 to 8.7) were associated with the occurrence of PD 6 months after SAH. In a multivariable analysis adjusting for age, gender and hypertension, patients with any SAH-related complication had a significantly higher chance of having PD at baseline (OR 2.6, 95% CI 2.2 to 3.0). Hydrocephalus remained independently associated with hypopituitarism at 6 months (OR 3.3, 95% CI 2.7 to 3.8). GHD at 6 month after SAH was associated with male gender (OR 17.8, 95% CI 2.0 to 58.9). This association persisted after retesting 14 months after SAH. We found no association between aneurysm location and pituitary function. Other nonsignificant findings are added in online supplementary table S4.
We found a trend ( p=0.06) for lower score on the QLS M -H at baseline in patients with PD compared with patients without PD, but this trend was not present any more after 6 or 14 months.
DISCUSSION
In this prospective observational study, 39% of survivors of aneurysmal SAH were deficient in one or more pituitary axes at baseline. PD did not occur during follow-up in patients with normal pituitary function at baseline. PD persisted for 6 months in 26% of patients and for at least 14 months in 7%. Gonadotropin and GH were most often affected. Patients were prone to have PD in the early stage after SAH if they had developed any of the well-known complications related to SAH. Hydrocephalus was associated with PD 6 months after SAH and male sex was associated with persistent GHD. The prevalence of patients with hypopituitarism after SAH exceeds the prevalence in the normal population. 20 Together with the decrease in PD over time, and the association of PD to SAH-related complications and the severity of SAH symptoms, this supports the evidence for a causal relation between SAH and hypopituitarism.
Gonadotropin and/or GHD occurred more frequently than ACTH or TSH deficiency, which is in accordance with other studies. 5 9 21 Since it is the anterior lobe of the pituitary gland that contains predominantly thyrotrope, somatotrope and gonadotrope cells, 22 this observation suggests that this lobe is more vulnerable to damage secondary to SAH. This might be due to differences in the position of the pituitary parts in the skull or to differences in blood supply. Blood is supplied to the anterior lobe through long pituitary portal vessels that transcend from above the diaphragma sellae, whereas the blood supply to the remaining part of the pituitary gland is derived form middle and inferior pituitary arteries. 4 In the majority of patients with PD, pituitary function recovered during follow-up, while in a small proportion of patients PD persisted. This has been described in similar studies, 9 12 and is in accordance with studies that found only low numbers of patients with PD long after SAH. 21 23 Recent findings suggest that the adult pituitary gland is capable of regeneration after injury, 24 which might explain the recovery of pituitary function in our patients. The low proportion of patients with persistent PD described in our and other recent studies differs strongly from that of the older studies. 5 6 11 This is probably explained by methodological differences between the studies. In some studies the tests used for detecting PD were not validated. 11 In other studies, GHRH-arginine test outcomes were not adjusted for body mass index (BMI), 10 13 and because obesity is a true confounder of the GHRH-arginine test and other dynamic tests, this strongly reduces the accuracy of the GH response. 18 25 26 In our study, we used two different dynamic tests to establish GHD, and BMI related cut-off points were used in accordance with recent recommendations. 21 27 Furthermore, we retested patients with GHD 14 months after SAH to explore whether GHD was a permanent or a transient phenomenon.
We found an independent association between hydrocephalus and persistent PD. Few studies have evaluated possible clinical determinants of hypopituitarism after SAH. Vasospasm and hydrocephalus were identified as risk factors for PD in one retrospective study with a non-consecutive series of patients without using dynamic tests. 7 Other studies reported an association between female gender and corticotrophin deficiency 11 and between older age and GHD in the acute phase after SAH. 9 We observed that PD or GHD was predominantly present in men, which is in line with a recent study. 21 We did not find an association of PD and the location of the aneurysm, which is in line with the results of a recent published study. 15 However, numbers were small.
Hydrocephalus might play an important role in altering the pituitary function by increasing the intracranial pressure and altering anatomic configuration, which might lead to damage of the hypothalamic-pituitary complex. We also observed that severity of SAH, expressed as worse GCS and worse WFNS-scores, were associated with hypopituitarism in univariable analysis. Even though these determinants were not significant in multivariable analysis ( possibly due to the low number of cases with PD in our study), this adds to the evidence that the pituitary gland is damaged by SAH and its complications. Not many studies describe the association of long-term symptoms as HRQOL with the occurrence of PD. In our study, a strong overall association was not present.
Whether patients with SAH should be screened for PD is under debate, because clinical significance is not clear. However, there are various other reasons besides the possible association with long-term symptoms to consider early neuroendocrine evaluation of patients with SAH. Adrenal insufficiency might be life-threatening in the early stressful period after SAH and recent findings suggest that early PD has a negative effect on outcome after SAH. 28 Although we found adrenal insufficiency in only 1 (2%) patient, in other studies the proportion of patients with adrenal insufficiency was higher, up to 40%. 9 11 Early screening for PD might be beneficial in the long-term after SAH. Symptoms of GHD consist of fatigue, low energy level, and decline in cognitive function such as memory and planning, 4 symptoms often found after SAH. 3 29 These symptoms might hamper the rehabilitation process. A few studies show a decrease in performance functions and life satisfaction in patients with PD after SAH, 30 but others do not support this. 21 23 Our study has several limitations. Not all of our patients had a dynamic test to evaluate GHD. This may have led to an underestimation of the number of patients with PD. Furthermore, two patients with GHD refused re-evaluation after 14 months. The follow-up period was limited and the possibility of recovery of pituitary function beyond this 14-month period cannot be ruled out.
Another limitation is patient selection. Twenty patients were transferred to another hospital for treatment before inclusion was fulfilled. Furthermore, we have chosen to include patients who survived the acute phase of SAH. Our selection was based on the idea that we wanted to investigate the course of hypopituitarism in the long-term survivors. Our results cannot, therefore, be generalised to all patients with acute SAH.
In conclusion, PD is an actual complication in SAH survivors. Hydrocephalus after SAH is an independent clinical predictor of long-term hypopituitarism after SAH.
